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Abstract 
This article shows an application of a double source generator for windmills. It is shown the design and the principle of operation 
of the electric machine. This machine was modeled with using Solisworks program for creating design and Maxwell program for 
analyzing of magnet field. The result of modeling is shown too. 
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1. Introduction 
A common problem encountered with many forms of alternative energy is that the speed of the power source is 
variable.   Windmills are an obvious case, but many other forms of energy produce variable speeds. Flywheel energy 
storage is the very definition of variable power and variable speed.  Small hydropower systems will have variable 
speeds depending on water flow. Waste gas such as methane from landfills will have variable energy density.  
Combustion of natural fuels like wood, grass, paper, etc. result in variable amounts of power  being produced.  
Sterling cycle engines operating from different thermal masses will  get different amounts of power depending on 
temperature cycling.  Since the power varies a typical conversion system using a prime mover (Internal combustion 
Engine, turbine,  sterling engine etc.)  to  drive a rotary generator will  result in variable speeds. 
For a grid connected system variable speed presents a significant problem.  The frequency and voltage of the grid 
is very precisely controlled, a generator that is operating at variable speed normally can not be directly connected to 
the grid, instead the power must be converted and conditioned to be made acceptable for grid connection.  This 
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conversion process is expensive in terms of equipment costs, but also in energy cost as there are losses in the 
conversion process. 
For a permanent magnet type alternator, the voltage increases as the speed increases, the frequency of its output 
also increases. Like the alternator in your automobile, the output of this “wild ac” is usually tamed by converting the 
out put to direct current (DC), which in the case of the auto is used to charge the battery. This conversion approach 
works well when the amount of power is relatively small. However we can’t simply connect a battery to the grid, 
and the grid is where most of the real equipment of the world resides. So an inverter is used to convert the DC power 
to grid compatible AC power, there is an equipment and an energy cost to these conversions, limiting the economics 
of this approach to  relatively small amounts of power. 
For large amounts of power, the standard approach is an AC generator connected to the grid, but that generator is 
operating at the precise speed, frequency, voltage and phasing  necessary to be compatible to the grid.  That set of 
requirements conflicts with the available alternative energy resources; so the authors set about resolving this 
conflict. 
We first started with a design to create a constant voltage over a wide speed range. This was accomplished by 
using a combination of permanent magnets and electro magnets to create the magnetic fields in the alternator.  By 
using the electro magnets to adjust the magnetic field strength we were able to generate a constant voltage over a 
broad range of speeds.  However because the control is in the low power excitation circuit, we were NOT converting 
the high power output, thereby avoiding typical  power losses in the conversion process. This constant voltage, 
combined excitation, design was implemented for a battery charging system on diesel powered generator sets.  To 
be clear this constant voltage design is one step toward the solution to an AC grid compatible system. 
2. Design and operation principle of a combined excitation constant voltage alternator 
The alternator was designed using both permanent magnets and electromagnets to provide the magnetic fields for 
the primary alternator (fig.1). The use of powerful rare earth magnets reduces the overall size of the unit, while 
controlling the electro magnets with a low power, low cost, control circuit we were able to maintain a constant 
output voltage over a wide speed range. In a sense we created an electro dynamic amplifier, where low level signals 
in the excitation windings become high power outputs in the stator windings of the primary generator [1]. 
Fig. 1. The cross-section of alternator. 
The alternator consists of a stator and a rotor.  The stator is comprised of two laminated stacks (1 and 2) The slots 
in the lam stacks are along the axis. Multi-phase winding (3) is installed in the slots. Laminated stacks are pressed 
on the laminated core (4 and 5). A stationary excitation winding (6) is located between sections of the laminated 
core. Rotor (7) of alternator is located outside stator. It has large poles and permanent magnets (8 and 10.) 
Permanent magnets and poles alternate around the circle. They form two rings over lam stacks (1 and 2.) The rings 
are located so that the permanent magnet (9) is located opposite the pole (8) in the axial direction. Magnets (9 and 
10) have radial magnetization. In one ring the magnets have “south” magnetization (9) on the surface directed to the 
package, in another ring the “north” magnetization (10.) 
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Operation: 
With DC excitation in winding (6) a magnetic flux is created that follows the magnetic circuit comprised of: 
laminated stack (1), air gap, large pole(8) of the first ring, back iron of  the rotor, large pole (8) of the second ring, 
air gap, laminated stack (2), section of laminated core(5),  section of laminated core (4). 
Magnetic flux generated by magnets, is looped by the following way: laminated package (1), air gap, “south” 
magnet (9), back of rotor, “north” magnet (10), air gap, laminated package (2), part of laminated core (5), part of 
laminated core (4).  
Magnetic fields from the rare earth magnets are increased or decreased by the direction and amplitude of the 
fields from the electro magnets, the result is the ability to control the output. Voltage over a wide speed range. 
Building upon the concepts developed for  this constant voltage generator,  we found that we could excite the 
input with a synthesized AC wave,  and produce a frequency in the output that could be controlled as needed to be 
compatible with the grid.  Initial experiments used slip ring assemblies and external equipment to produce the PWM 
synthesized  waves. For a practical implementation, we propose a design where the electronics and feedback are 
incorporated into the rotor assembly.  This approach eliminates the brushes and slip rings.  However funding is 
required to complete the development and produce the prototypes. 
The stator of the motor generator is of standard construction, with iron laminations and copper coils in a three 
phase arrangement. These windings are directly tied to the grid. 
The rotor is a wound construction with three phase windings. These windings are excited by a typical three phase 
PWM type drive.  When in motor mode, the PWM signals are phased to take power from the grid until the motor 
gets the flywheel up to speed.   During this acceleration ramp, the voltage applied to the motor windings is adjusted 
to compensate for the BEMF being generated by the motor.When the unit is in generator mode, the phasing is such 
that power is feeding into the grid, and the PWM drive is maintaining the voltage at a level that is compatible with 
the grid. 
A version of this type alternator has been built and tested as part of a diesel powered generator system. However 
the unit built only produced a constant voltage.  The frequency and phasing functions are at this time theoretical, we 
believe they are feasible,  but a device has not been built and tested. 
Why is this different than other approaches? Note that the power extracted from the flywheel is not being 
converted in the electronics; it is being modulated using much lower amounts of current. In effect we have created 
an electro mechanical amplifier, where the majority of the current is carried in the stator windings, and a much 
lower current is being controlled by the electronics in the rotor of the alternator. 
As with all technologies there is a price to pay: The recovery time of bringing the flywheel back up to speed is 
going to be significantly longer than the time it takes to extract the power from the flywheel, because the amount of 
power the electronics can deliver to the rotor is less. 
3. Principles of operation 
The basic idea is to employ two sources of power to excite a the field windings for an induction type generator, 
by using this approach brushes are eliminated while the ability to retain a constant voltage output  over a wide speed 
range is accomplished [2,3]. 
A rotating machine is driven by a prime mover such as a flywheel. There are two sections to this electro dynamic 
machine. The first section is a standard brushless device with permanent magnets, coils and a rectifier circuit. The 
purpose of this brushless section is to provide power to the rotor of the alternator without the use of brushes and slip 
rings. This power is modulated by electronics using a set of coils in the induction alternator to provide the proper 
voltage, frequency and phasing needed for output directly tied to the grid from the alternator stator. The rotating 
stator of the alternator is a wire wound rotor of typical construction for motors or generators, but it incorporates 
some mechanical changes to the laminations to accommodate the frequency shifts needed. 
In effect we create an electro mechanical amplifier, where the low power excitation wave generated by the 
electronics gets a large power increase as the result of the electro dynamic functions of the rotating alternator. This 
allows the large currents from the stator windings to be directly fed into the grid, without conversion, thereby 
avoiding power losses in the electronics. This results in both a cost and efficiency savings. 
To accomplish field excitation the permanent magnet alternator provides initial power to the primary alternator 
field winding, the rotation of the machine creates a larger voltage in the primary alternator stator windings. Some of 
this output power is fed back into the permanent magnet alternator field coils to create the desired voltage. 
734   S.A. Gandzha and I.E. Kiessh /  Procedia Engineering  129 ( 2015 )  731 – 735 
A portion of the excitation voltage comes from coils moving past the permanent magnets of the excitation 
generator, in addition there is a set of electro magnets, that are have controlled currents to increase or decrease the 
magnetic field as a means of providing a controlled excitation voltage to the primary alternator. Sensors detect 
rotational speed to allow control of the output voltage. 
The electronic controls(fig.2) imbedded into the rotor assembly, provide voltage, frequency and phase shifting so 
that the output of the primary alternator can be matched the grid, or the unit can operate as a stand alone. Since the 
excitation wave is adjustable, the speed of rotation can change, yet the power output remains at a fixed frequency 
and voltage. 
Fig. 2. Electronic control system. 
The proposed structure (fig.3) is a stack of flywheel disks, each with their own magnetic support rings. These 
flywheels may be on a common shaft which drives a large motor generator or there can be a set of parallel axial gap 
units. It may be desirable to develop both approaches as there will be different markets for different capacity 
machines.
Fig. 3. The assembly of high power generator and excitation generator (1. Rotor of high power generator,2. Stator of high power generator, 3. 
Rotor of excitation generator, 4. Stator of excitation generator). 
The input to either type  motor is 3 phase power from the grid, and output power will be three phase power to the 
grid.  It is very likely that the local utility will require an isolation transformer so we have flexibility in selecting the 
operating voltages, but we will be constrained by the physical size of conductors.  Selection of unit size is going to 
be a complex exercise as it is difficult to estimate costs without a design and a significant amount of the cost is the 
design. 
735 S.A. Gandzha and I.E. Kiessh /  Procedia Engineering  129 ( 2015 )  731 – 735 
Conclusion 
Since there are multiple technologies and multiple approaches that can be applied to this technical problem, the 
authors are confident that technical solutions can be found and implemented. It will only be after a significant 
amount of the design has been accomplished that it will be possible to do a cost analysis that is anything more than 
educated guesses. 
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